Abstract
Comparison of Telbivudine and Entecavir

Introduction
Hepatitis B virus (HBV) infection is one of the leading causes of liver cirrhosis and hepatocellular carcinoma globally. It is estimated that greater than 100 million people die of liver cirrhosis-associated disease, hepatic failure, and hepatocellular carcinoma (HCC) every year worldwide [1] . According to the European Association for the Study of the Liver (EASL) Clinical Practice Guidelines in 2012, the liver cirrhosis rate was 8%-20% in those with untreated chronic HBV, and the 5-year cumulative HBV virus-related decompensated cirrhosis rate was approximately 20% in patients with HBV virus-related compensated cirrhosis [2] . Decompensated cirrhosis developing from HBV virus-related compensated cirrhosis is often correlated with serious complications and a poor prognosis. To date, the 5-year survival rate of patients with decompensated cirrhosis is only 14% [3] . Persistent HBV infection and replication promotes liver cirrhosis progression to HCC [4] . It has been reported that sustained suppression of HBV replication is an effective means for preventing hepatic complications, prolonging life, and improving liver function [5] [6] [7] [8] .
Nucleotide analogues are now regarded as a safe and effective way to inhibit HBV virus replication in chronically infected patients with compensated cirrhosis. These oral anti-viral medications are primarily eliminated by kidneys in an unchanged form, therefore the dose of anti-viral drugs for HBV virus-related compensated cirrhosis need to be accessed for risk of renal events [9] . Adefovir dipivoxil (ADV) causes dose-dependent renal impairment [10] and the glomerular filtration rate (GFR) was shown to be down-regulated following long-term use of ETV and TFD in a retrospective study [11] . LDT inhibits virus replication and high serum HBeAg seroconversion [12] [13] [14] . In a recent study, LDT was shown to have a protective role on renal function in anti-HBV therapy by improving GFR after 48 weeks of treatment in patients with chronic hepatitis B (CHB), including patients with compensated liver cirrhosis [15, 16] . Though it may have side effects on nephritic function, ETV has been suggested to have efficacy and a higher genetic barrier to resistant anti-virals in the clinic setting [17, 18] . Increasing evidence has shown that treatment with ETV delays clinical progression of liver fibrosis [19, 20] .
Based on effective anti-viral therapy, the adverse events of nucleotide analog drug administration are drawing more and more attention in long-term treatment. To date, few studies have been performed to systematically evaluate the efficacy and side effects of ETV or LDT treatment compared to baseline. Therefore, we performed a prospective study to compare virologic responses and changes in renal function in HBV virus-related compensated cirrhosis by ETV or LDT monotherapy in this study to determine therapeutic outcome and side effects on HBV virus-related compensated cirrhosis.
Materials and Methods
Human Subjects and Ethnic Statements
Patients diagnosed with hepatitis B virus-related compensate cirrhosis were enrolled at ShaoXing Municipal Hospital. One hundred thirty patients were randomly assigned 1:1 to receive LDT (600 mg/day) or ETV (0.50 mg/day). The duration of treatment was > 2 years. Written informed consent was obtained from all of the enrolled patients and the study was approved by the Ethics Committee of ShaoXing Municipal Hospital.
Inclusion and Exclusion Criteria
Eligible patients with compensated liver cirrhosis met the following criteria: 1) 18-70 years of age, based on diagnostic criteria of cirrhosis (2010 version) [21] ; 2) Child-Turcotte-Pugh (CTP) score < 7; and 3) HBV DNA ≥ 10 4 copies/L. Patients were excluded for the following indications: 1) co-infection with hepatitis C virus, hepatitis D virus, or HIV; and 2) diabetes, high blood pressure, Wilson's disease, autoimmune hepatitis, alcoholic cirrhosis, hepatorenal syndrome or spontaneous bacterial peritonitis, and severe heart, renal, and brain disease.
Follow-up Assessment
Follow-up assessment was performed every 3 months over 2 years after the candidates received the indicated therapy in each group. Blood samples were collected at each time point and the assessment included the following: 1) hepatitis B virus markers (HBsAg, anti-HBsAg, HBeAg, anti-HBeAg, and HBcAg), ) was defined as a mild nephrotic level.
Statistical Analysis SPSS18.0 software was used for data analysis (SPSS, Inc., Chicago, IL, USA). The accuracy of the GFR equation was expressed as a percentage±SD or mean±SD depending on the fit with the Gaussian distribution estimation. Rate comparisons were performed using the χ 2 test. A P<0.05 was considered significantly different. Continuous variables were examined using the Mann-Whitney U test between the two groups, while variables from the same group before and after treatment were examined by the Wilcoxon onesample test.
Results
Basic Characteristic of Included Patients
One hundred thirty patients diagnosed with hepatitis B virus were recruited; 65 received LDT and 65 received ETV. Basic characteristic were compared between the two groups, as shown in Table 1 . There was no significant difference between the age, gender, HBeAg-positive rate, serum HBV DNA, alanine aminotransferase (ALT), CR, eGFR, and CTP scoring between the two groups (P>0.05).
Therapy Outcome, Drug Resistance, and Virologic and Biochemical Responses
Over the past 2 years, neither HBeAg seroconversion (37.0% vs. 20.0%, p=0.441) nor HBV DNA negativity (80% vs. 89.2%, p=0.224) was observed in patients from either group. Also, ALT normalization did not differ significantly between the two groups ( Table  2 ). The cumulative resistance rate in the LDT-treated group was (16.9% [11/65] , rtM204I) significantly higher than the ETV-treated group (1.5% [1/65], rtM204V+rtL180M+rtT184G; p value=0.006<0.05; Fig. 1) . Table 3 . Change in median eGFR compared with baseline in treatment groups the ETV-treated group compared to baseline (0.95 vs. 0.92 mg/dL, p=0.065). An increase > 0.5 or 1.5 mg/dL in the mean CR level was not observed in either group, respectively, over the past 2 years (Fig. 2) .
Changes in eGFR
After 2 years of treatment, patients who received LDT treatment had a significantly higher eGFR (102.6 vs. 80.3 ml/min/1.73m 2 , p=0.000) compared to baseline (Fig. 3) ; however, the eGFR decreased compared to baseline after ETV treatment (79.1 vs. 82.4 ml/ min/1.73m 2 , p=0.063).
eGFR changes after mild nephrotic injury at baseline in the LDT-and ETV-treated group
One hundred thirty patients with normal CR levels and an eGFR > 60 ml/min/1.73m 2 were included in the study. Forty-nine patients (LDT, n=26; ETV, n=23) had mild nephrotic injury with an eGFR between 60 and 90 ml/min/1.73 m 2 . As shown in Table 3 , over the past 2 years the eGFR was > 90 ml/min/1.73 m 2 in 88.5% of patients (23/26) in the LDT-treated group and 34.7% of patients (8/23) in the ETV-treated group, indicating that nephritic function normalized more quickly in the LDT-treated group than the ETV-treated group (χ 2 =12.91, P=0.000). The median eGFR at 2 years was significantly increased compared to baseline (98.3 vs. 70.3 ml/min/1.73 m
Discussion
Persistent viral replication and viral-related immune responses are major risk factors for disease progression to cirrhosis or HCC. Sustained suppression or elimination of HBV replication is the ultimate goals of HBV treatment [22, 23] . Nucleotide analogues are currently regarded as standard treatment for patients with chronic hepatitis B over 10 years by effectively inhibiting HBV virus replication to prevent development of hepatic complications, as well as cirrhosis, hepatic decompensation, and HCC. It has been reported that HBV DNA negativity, ALT normalization, and liver pathology would improve significantly following LDT or ETV monotherapy [12] [13] [14] [17] [18] [19] [20] ; however, a comparison of the therapeutic outcomes in HBV virus-related compensated cirrhosis has rarely been the subject of investigation. In the current study, we compared the therapeutic outcomes, especially with respect to renal function, in patients with HBV-virus related compensated cirrhosis following LDT or ETV monotherapy over 2 years. Specifically, we found that there was no significant difference in ALT normalization, HBV DNA negativity, and HBeAg serum seroconversion in the LDT-and ETV-treated groups (P>0.05), which is agreement with the reported findings in CHB patients [24] . In addition, the LDT drug-resistant rate was 16.9% (11/65), which was significantly higher than the ETV-treated group (1.5% [1/65]), thus indicating that patients are more resistant to LDT administration (P=0.006). The LDT drug-resistance in our study was lower than that reported in the GLOBE study [13] , probably due to the lower HBV DNA replication and higher HBV DNA negativity at 6 and 12 months in the LDT-treated group in our study.
Renal function is considered to be a vital factor in CHB, especially in patients with cirrhosis, and has been shown to be associated with mortality [25] . With the development of liver cirrhosis, maintenance of renal function is associated with a better survival rate. Therefore, the outcome of an optimal nucleotide analogue should be long-lasting HBV DNA inhibition and higher HBeAg serum seroconversion, but low renal toxicity. Currently, nucleotide analogues are metabolized through the kidney and renal failure may be attributable to drug administration [26] . Mauss et al. [27] showed that in 200 CHB patients undergoing LAM, ADV, ETV, and TDF monotherapy for 24 months, the median eGFR decreased by 0.92, 1.02, 1.00, and 0.92 ml/min every year, respectively, according to the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) calculation, indicating that mild renal failure may occur during therapy. Recently, some retrospective studies have reported that except for anti-viral treatment, LDT can also help improve the GFR in patients [28, 29] . A doubleblind randomized controlled study showed that the mean eGFR increased 8.5% compared to baseline after LDT treatment for 2 years and this improvement persisted for 4-6 years, especially in elderly patients with mild renal impairment at baseline [15] . It has recently been reported that compared to LAM, LDT significantly improves the eGFR and survival rate in HBV-related compensated cirrhosis [30] .
Changes in CR and GFR were shown before and after LDT or ETV treatment in the current study, and we found a gradually decreased CR level in LDT-treated patients, but no changes in the ETV-treated group (p=0.000 vs. p=0.065). While 130 patients had a normal CR level, in 49 patients the eGFR at baseline was between 60 and 90 ml/min/1.73m 2 , indicating that CR may not be a good marker for evaluating renal function; indeed, GFR may more accurate in estimating renal function.
Our study confirmed the protective role of LDT treatment on renal function compared with ETV treatment. We found that after 2 years of treatment, the median eGFR increased by 22.3 ml/min/1.73m 2 and the percentage of patients with an eGFR > 90 ml/min/1.73m increased from 60% to 92.3% over 2 years, which is agreement with Gane et al. [15] and Lee et al [29] . In addition, 23 patients (88.5%) in whom the eGFR was < 90 ml/min/1.73m 2 at baseline in the LDT-treated group, returned to normal renal function after oral LDT administration, which was significantly higher than the ETV-treated group (n=8 [34.7%]). Our results first compared the therapeutic outcome, as well as renal function following LDT or ETV treatment, and confirmed that LDT is superior to ETV in protecting renal function in patients with HBV virus-related compensated cirrhosis with mild nephrotic injury. Our study had limitations, as the percentage and degree of renal improvement was higher than previous studies. The limited sample size, strict inclusion and exclusion criteria, and the application of the MDRD equation may have attributed to the discrepant results among previous studies. In general, however, our results are similar to the conclusions of large-scaled randomized controlled trials.
Conclusion
This study demonstrated that compared to ETV treatment, LDT not only strongly inhibits viral replication, but improves renal function effectively in patients with HBV virusrelated compensated cirrhosis at baseline with a higher drug resistance rate. These findings need to be validated in further prospective and large-scale sample studies with long-term follow-up.
